Two general approaches to research in the field of toxicology are discussed and. their merits evaluated relative to the elucidation of those parameters which may play an important role on the extrapolation of animal data to human health effects. A number of these parameters are discussed relative to the ability to maintain fidelity of genetic information.
HART identify and discuss such potential modulators of genotoxicity and how they may vary among species and organs.
The evolutionary-comparative paradigm is based on two postulates: first, a difference in the response of a toxic substance in basically similar organisms is due to a difference in the physiochemical environments of the essential macromolecules in the compared organisms; and second, the parameters of the molecular environment within an organism are an expression of its genome. More specifically, the hypothesis is that the eventual fate of the organism, in terms of its susceptibilities to toxic substances, is primarily determined by specific genetically determined constitutive properties, both molecular and organizational. In extrapolation of cell and animal data to human health effects, the basic question becomes, "What does one species do differently from another, if anything, by way of protection, stabilization, and repair of its essential molecules in order to maintain homeostasis when exposed to environmental toxicants?" The primary goal of this approach is to assess what internal processes modulate toxicity and thereby explain differences in the response of biological units when challenged by toxic substances.
This approach is unique in toxicology, since it is focused not on the toxicity that an organism passively endures upon exposure to a toxic substance; but rather on the positive mechanisms an organism uses to protect itself and its genetic mechanisms from the toxic effects of various endogenous and exogenous agents and resulting deleterious conditions. This session of the World Congress on Toxicology covers interspecies and intertissue differences between metabolic activation and detoxification of chemical carcinogens, DNA binding through their active forms, repair, and replication of these adducts or damaged bases, and concludes with a summary of how these differences may be used in determining cancer risk from the environment. It is, therefore, appropriate to discuss this unique approach in a more expanded form.
EVOLUTIONARY CONSIDERATIONS
The direction and extent of differences between species in response to a toxic substance will be based upon the molecular target of the chemical under investigation, and the rate and degree of evolutionary change of the target and the target's operational parameters as a function of evolutionary time.
The capacity for coordinated and sometimes rapid-selective modification of the survival characteristics of a population implies that stability of a system may be governed by a relatively small number of genetically controlled overall information stability systems, which are governed by a comparatively small number of regulatory Loss of information stability may signal induction of cancer. If this speculation is correct, then information stability may be under the same kind of genetic regulation as the systems that govern the size an organism might achieve without loss of homeostasis. Thus, identification and direct measurement of these controling parameters should provide the information required for the rational extrapolation of animal datato human health effects for genotoxic agents. (6) Indeed there may well have been a trend in the evolution of mammals, and perhaps other tetrapods, toward stability of information content and flow, concomitant with trends toward increased body and brain size and a decreased rate of reproduction.") This is an especially critical issue in regard to extrapolation of animal data to human health effects since while there has been a 50-fold increase in species maximum achievable lifespan (time at risk) and a 10,000-fold increase in the total number of cells (number of cells at risk), within the placental mammals there has not been an observable concurrent and proportional increase in the probability of occurrence of clonogenic diseases such as cancer. If risk per cell per unit time for spontaneous malignant transformation had not modulated as a function of evolutionary time, the rate of occurrence of such diseases would, in the larger mammals, be inconsistent with the time to reproduction. Thus, in the course of evolution, resistance to clonogenic diseases may be an evolutionary requirement to maintain larger longer-lived species until the time of reproduction.
NETIC ASSURANCE MECHANISMS
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SUBCELLULAR MODULATORS OF GENOTOXICITY
Two ways in which gene stability could be enhanced rapidly and yet be consistent with basic molecular genetics would be either via modification of already existing genetic information, by changes in differentiation during fetal development and/or through slight but significant changes in a number of interlocking serial processes governing homeostatic genetic stability. Either or both of these mechanisms might well explain species differences in risk/cell/unit time for spontaneous malignant transformation without the concurrent input of large numbers of new genes. Under such an assumption the ultimate dose to the target molecule (DNA) would vary between species as would the ultimate phenotypic expression of such damage even under conditions where the level of insult to which different species are exposed was the same. Such modulator processes as seen in Fig. 1 could  include: (1) the ability of a system to either detoxify electrophilic agents which may interact with cellular DNA or, conversely, the inability of a system to metabolically activate a chemical to its electrophilic form; (2) the scavenging potential of enzymatic systems for electrophilic agents: (3) the ability of cellular systems to remove from their information-containing macromolecules damage which has been induced by either exogenous or endogenous sources; (4) the proliferation rate of the system and the fidelity of its polymerase replication and postreplication repair mechanisms; and (5) the location of the damage and degree of control over induction of its expression by exogenously and endogenously generated promoters/inducers.(8"o) If each of these five potential modulators varied in a direction which protected the information fidelity of the cell by only 10-fold between species and the product of their multiple was equal to the probability of a clonogenic event, a difference of a 100,000-fold could be expected in risk/cell/unit time for such an event in these species.
It is apparent, however, that these are not the only systems involved in maintaining information stability. For example, while not covered here today, other processes such as information redundancy, receptor-site susceptibility for promoters, chromosomal stability, immunological surveillance, and other factors may all modulate the manifestation of genotoxicity. Additionally, it is now a p parent that higher order animal functions and exogenous factors such as diet and stress also serve to modulate induction and expression of clonogenic events. Thus, in addition to pursuing both the identity of the target macromolecule, the subcellular events which modulate the induction of damage and its repair in said molecules, both within and among species, studies must also be performed t o assess the impact of higher order animal functions on one or more of these events. The challenge ahead of us in toxicology is, therefore, a complex one and one which can only be accomplished by an integrated and cooperative approach.
